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HEAD MOUNTED DISPLAY UTILIZING 
DIFFRACTIVE OPTICAL ELEMENTS 

BACK GROT FND OF THF INVFNTTOM 
1 . The Fi eld of the fnvention 

This invention relates to a display which has a special utility in connection with 
a head mounted apparatus and more particularly to an attachment for a helmet worn by 
an aircraft pilot (helmet mounted display) wherein an image of a desired display, such as 
information on the face of a cathode ray tube, can be introduced into the field of view 
being observed by the pilot. Specifically, the present invention is an improvement 
which utilizes one or more diffractive optical surfaces to provide a system which 
operates with fewer elements and thus simpler, lighter and easier to align and assemble 
than prior art systems. 
2. Descriptio n of the Prior Art 

A very advantageous head mounted display system is disclosed in patent 
4,859,030 of Donald J. Rotier and assigned to the assignee of the present invention. This 
system utilizes a rather complex optical arrangement, usable in a rather restricted space, 
for directing light from a source, such as a cathode ray tube, to a spherical reflector from 
which the light is then reflected through a tuned optical filter and. as collimated rays, is 
20 directed to the eye of the pilot so that he sees the image at infinity combined with his 

normal field of view through the optical filter and spherical combiner. In order to make 
a compact display system with high efficiency, it is necessary to tilt it so that the center 
of curvature is not at the pilots eye since if it were, the light from the CRT would have 
to strike the combiner perpendicular so as to be reflected to the eye along the same path. 
This then would result in a reduction of light from the CRT to one quarter of its 
intensity and would also reduce the light from the surrounding scene by fifty percent. 
This was solved in the above mentioned Rotier patent by tilting the combiner so that the 
rays from the filter to the combiner were not reflected back to the filter along the same 
path and by utilizing special coatings on the filter so that the amount of light lost on 
30 reflection at predetermined angles (those from the CRT) was very small but the amount 
of light transmitted by the filter at certain angles (those from the combiner) was very 
large. Tilting of the spherical combiner did. however, introduce additional aberrations, 
a tilt distortion, and a mapping distortion such as the "Keystone" effect which had to be 
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corrected in the Rotier apparatus with additional optical elements and off-center 
components to provide a distortion free view for the pilot. 

While the Rotier system is quite satisfactory for performing all of the desired 
functions, the number of components and their off-center arrangement has made the 
5 system difficult to assemble and align and it is heavier and more costly to produce than 
desirable. 

SUMMARY OF THE INVENTION 
The present invention overcomes the problems with the prior art head mounted 
display by utilizing one or more diffractive surfaces in the optical system. These 
10 diffractive surfaces are shaped by known techniques to correct not only for chromatic 

and aspheric aberration, but also to produce the necessary tilt and decenter functions for 
aberration correction and distortion mapping correction, and thus may be substituted for 
several optical elements of the Rotier apparatus and thus reduce the number of optical 
elements and eliminate off-center lenses therein. The diffractive surfaces are preferably 

1 5 formed on existing surfaces of the system so as to further prevent an increase the 
number of components. 

The hybrid system of the present invention contains only simple spherical lenses 
that are fewer in number and with a spherical combiner, involve no off-axis components 
and yet which provides all the same corrections as in the prior art. When used with a 

20 spherical combiner, and with two diffractive surfaces, the number of lenses can be 

reduced from eight, some of which are non-spherical and/or non-centered, as seen in the 
above mentioned Rotier Patent, to seven centered spherical lenses, thus making 
alignment and assembly of the system much easier. Further reductions in number of 
components is obtainable by using a non-spherical (e.g. elliptical) combiner which 

25 suffers no astigmatism from the combiner and only four lenses are then needed but, 
although none of the lenses are aspheric. two of the lenses are now decentered. 

Use of diffractive surfaces in optical systems is known in the prior art. For 
example. "Head Up Displays" have employed diffractive elements, usually in 
combination with the combiner therein so as to act as an optical filter and/or focusing 

30 and collimating means. Diffractive surfaces have also been used in telescopes to correct 
for chromatic and spherical aberrations but neither head up displays nor telescope 
systems require the very close tolerances and small available space encountered in head 
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mounted systems and the design concepts cannot normally be interchanged. 
Furthermore, there has heretofore been no optical systems which have employed 
diffractive surfaces to remove tilted and decentered optical elements or to correct for 
distortion mapping such as the Keystone effect. 
5 A more complete understanding of the invention will be obtained upon an 

examination of the following specification and claims read in connection with the 
attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 shows a system utilized in the prior art; 
10 Fig. 2 shows the present invention utilizing a spherical combiner; and 

Fig. 3 shows the apparatus of the present invention utilizing an elliptical 
combiner. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
• The helmet mounted display of Fig. 1 is like that shown in the above-referred to 

15 Rotier Patent 4,859,030. In this system, an image from a cathode ray tube surface 12 
passes through an optical relay system 14 to a spherical combiner surface 16. More 
particularly, light rays from the optical relay system 14 is reflected from a tuned filter 
18, which may be like that of the Rotier patent, and then to the combiner 16 for 
reflection back through the filter 1 8 and are focused on the eye of a pilot 20. For 

20 simplicity, the light rays are shown as three principal rays 21, 22 and 23 passing through 
the system. The rays 21, 22 and 23 emerge from the filter 18 as collimated wavefronts 
to produce an image of the CRT surface 12 at infinity so as to superimpose this image 
with the image of the surrounding scene being viewed by the pilot 20 through the 
combiner 16 and the filter 18. 

25 It is seen in Figure 1 that the combiner 16 is tilted so that the optical axis of the 

eye and combiner are not collinear which allows the rays 21, 22 and 23 coming from the 
relay optics 14 to reflect off of filter 1 8 at different angles of incidence than the rays 
from combiner 16 and allow greater amounts of light for both the CRT image and the 
scene image by tuning the filter 1 S as described in the Rotier patent. As explained, 

30 however, this produces tilt errors, decentering and distortion mapping which must be 
corrected. Accordingly, the optical relay system 14 consists of ten optical elements, 
eight of which are lenses and that several of these lenses are non-spherical and/or off- 
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centered. Each of the lenses and combinations of lenses performs a function such as 
correcting for chromatic operation, correcting for aspheric aberration, producing the 
required tilt and decentering corrections, and for correcting distortion mapping. It is also 
seen that the number of elements produces a rather complex system which, it has been 
5 ' found, is difficult to assemble and align, and adds greatly to the weight and cost of the 
helmet mounted display. 

Fig. 2 shows the present invention utilizing a simplified optical relay system 24 
in combination with the spherical combiner 16 and the filter 18 to focus an image from 
the surface 12 of the CRT on the eye of the pilot 20 as was the case in Fig. I . Again in 
10 Fig. 2, only three principal light rays 26, 28, and 30 are shown. Since the combiner 16 is 
spherical, it must be tilted and the rays 26, 28 and 30 passing from the cathode ray tube 
12 to the eye of pilot 20 must be corrected for chromatic aberrations, spherical 
aberration, decentering, distortion mapping and tilt correction. Accordingly, in the 
present invention, diffraction surfaces shown as dashed lines 40 and 42 are introduced 
15 on two surfaces which for example may be the planer surfaces of two of the presently 
existing lenses. Diffraction surfaces 40 and 42 may be made by Binary Optic 
Microlithography, by diamond turning or any other suitable method and are shaped to 
counter balance the effects of the aberrations and errors. The image formed is, like that 
of Figure L at infinity so that the pilot observes the image along with the image of the 
20 scene he sees through the filter 18 and spherical combiner 16. It is seen that the optical 
system of Fig. 2 has reduced the number of optical elements involved to nine, only 
seven of which are lenses and all of which are spherical and coaxial. This has been 
made possible by utilizing the two diffractive surfaces 40 and 42 which perform the 
same function and replace several of the lenses of Figure 1. 
25 Fig. 3 shows a yet simpler system utilizing an elliptical combiner 46, 

which is somewhat more difficult to fabricate than a spherical combiner. In Fig. 3, the 
optical system 54 transmits an image from the surface of cathode ray tube 12 along 
paths such as shown by reference numerals 55, 56 and 57 through three spherical lenses, 
one prism and one reflecting surface to the filter 18 and then to the elliptical combiner 
30 46 for reflection back through the filter 1 8 to the eye of pilot 20. In Fig. 3. two 

diffractive surfaces shown as dashed lines 58 and 59 are again used with each being 
formed on one surface of already existing lens within optical system 54. The diffractive 
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surfaces 58 and 59 are again formed to correct for the aberrations and for the tilt, 
decentering and mapping distortions as was the case in Figure 2. 

As before, three principle light rays 55, 56 and 57 are shown passing from the 
cathode ray tube surface 12 through the optical system 54 to be reflected from the filter 
5 * 1 8 to the elliptical combiner 46 and then back through the filter 1 8 to be focused on the • 
eye of the pilot 20 as an image at infinity so as to be combined with the view seen by the 
pilot through the filter 18 and combiner 46. 

With an elliptical combiner the on-axis field point suffers no astigmatism from 
the combiner. Because the elliptical combiner can have the eye of the pilot 20 at one of 
10 the ellipse's foci, the astigmatism caused by tilting the combiner is substantially 

eliminated thus reducing the number of optical components even without the diffraction 
surfaces. With the diffraction surfaces 58 and 59 ? the system is simplified further to one 
having only three lenses all of which are spherical and centered. Thus the system of 
Figure 3 although involving a more difficult combiner to fabricate, yields a great weight 
15 reduction and, in addition, provides a better performance, a larger exit pupil, and is a 
very simple centered optical train compared to the conventional design of the prior art. 

It is thus seen that we have provided an improved helmet mounted display which 
is at least as satisfactory as the prior art in performance and yet provides the 
performance with reduced number of optical elements to save on weight, alignment and 
20 cost. 

Many changes and alterations will occur to those skilled in the art. For example, 
while two diffractive surfaces have been shown in connection with the preferred 
embodiments, one such surface may be satisfactory in some cases and three or more 
surfaces may be used to further refine the optics. Also, although shown in connection 
25 with the helmet mounted display of the Rotier patent, it may also find utility in other 

head mounted displays such as goggles. Accordingly. I do not wish to be limited to the 
disclosures used in connection with the preferred embodiments but intend only to be 
limited by the following claims. ' 
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The embodiments of the invention in which an exclusive property or right is 
claimed defined as follows: 

1 . A head mounted display comprising: 
5 an image source; 

an image combiner; 

a relay optical system including diffractive optical means for transmitting the 
image from the source to the combiner; and, 

means mounting the image source, the image combiner and the relay optical 
10 system to the head of an observer. 

2. Apparatus according to claim 1 wherein the image combiner is 
spherical and tilted, thus introducing tilt errors, and the diffractive optical means is 
shaped to correct for the tilt errors. 

15 

3. Apparatus according to claim 2 wherein the tilt of the image 
combiner also introduces distortion mapping errors and the diffractive optical means is 
shaped to also correct for the distortion mapping errors. 

20 4. Apparatus according to claim 3 wherein the image combiner is partly 

transparent and the viewer sees the surrounding scene therethrough combined with the 
image from the image source. 

5. Apparatus according to claim 4 wherein the diffractive optical means 
25 includes a diffraction structure formed on an already existing surface in the relay optics. 

6. Apparatus according to claim 4 wherein the diffractive optical means 
includes two diffraction structures formed on two already existing surfaces in the relay 
optics. 

30 

7. Apparatus according to claim 1 wherein the image combiner is 

elliptical. 
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8. Apparatus according to claim 7 wherein the diffraction optical means 
is shaped to correct for aberrations rnd distortions in the image viewed by the observer. 

5 ' 9. Apparatus according to claim 8 wherein the diffractive optical means 

includes a diffraction structure formed on an already existing surface in the relay optics. 

10. Apparatus according to claim 8 wherein the diffractive optical 
means includes two diffraction structures formed on two already existing surfaces in the 

10 relay optics. 

1 1 . The method of correcting for tilt error in a head mounted optical 
imaging system containing an optical combiner and plurality of optical components in a 
relay, comprising the steps of: 

15 1) forming a diffraction grating on one surface of one of the 

optical components; and, 

2) shaping the grating to compensate for the tilt error. 

12. The method of claim 1 1 where the system contains both tilt and 
20 distortion mapping errors and Step 2) includes shaping the grating to also compensate 

for the distortion mapping error. 
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